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DYNAMICMECHANICAL DEFORMATION OF A SiCp/Al-1i1(8090) COMPOSITE

Rajendra U VAIDY A and Anna K. ZUREK

Materals Science and Technology, ILos Aiamos National Laboratory, Los Alamos NM 87545

T'he deformation behavior in compression of a silicon carbide particle reinforced aluminum-
lithium (R090) matrix composite, at strain rates in the range of 10-3 10 6500 s°!, was
investigated, and compared with that of unreinforced alloy samples. Dynamic strengthening in
these composites was found to change depending on the direction of testing. These differences
were attbuted to differences in the orientation of the reinforcing particles.

1. INTRODUCTION
Charactenzation  of  the  dynamic
mechanical beicovior of  ceramie  particle
reinforced  metal  matnx  composites 18
important if  such  matenals  are (o be
developed for structural applications. It s
already well estaistished [ 1] that the dyaamic
mechanical response of unreinforced metals
and alloys can be significantly different at
different  strain rates. It is impesative
therefore to study the dynamic mechanical
response  of  such  metal  matrix  based
composites.  This  paper discusses  such
effects pertaining to an aluminum-lithium
(RO90) matnx based composite, reinforeed
with siicon carbide patticles. These alloys
and  composites are being developed  for
acrospace appheations becaunse of their lower
densiti=s and superior mechanical properties
as compared o conventional aluminumalloys
ad composites |20 The effect of the
fabrication  and  shaping process on the

mechamen! sehavioris also discussed here.

2o EXPERIMENTALPROCEDURE:

Nominal composition (wt. %) of the alloy
(8090) used in the present study is as
follows: Al bulk, 2.2% Li, 1.1% Cu, 0.5%
Mg, 0.12% Zr, 0.08% Fe, 0.04% Si. Both
unreinforced and reinforced alloy containing
15 volume percent of silicon carbide particles
were studied. The unreinforced alloy and
composite samples were produced by a spray
casting  technique  (OSPREY).  These
materials were obtained in the form  of
extruded billets. A schiematic illustrating the
extruded billet, and the corresponding test
directions (A and ) is shown in Figure |,

FIGURE: ]

Schematie of the specimen onientations



(‘ylindric:ll specimens (0.5 cm x 0.5 cm)
were machined out of the extruded stock
material. in the two directions, tor the static
and dynanue tests. All of the samples were
heated to 430°C for 8 hours. and fumace
cooled prior to testing.

The static and  dynamic mechanical
responses  of the unreinforced alloy and
composite  samples  were  measured  in
compression  using  a conventional  screw
drven testing machine. and a  Split
Hopkinson Pressure Bar respectively. All of
the tests  were  performed  at room

temperature,

3. RESULTS AND DISCUSSION

Results of the mechanical tests tor the
unreinforced alloy and composite material
have been compared in two  different
directions, and at two different strain rates in
Vigures 2 and 3 respectively. From the data
for the unreinforeed alloy, it is evident that
the strain rate has a significant effect on not
only the overall strength but also on the straim
hardening coefficient. The strain hardening
coefficient in a range of sirain from 0.15 to
0.25 more than doubled, from 300 MPa per
unit strain at a steain rate of 103 s 4 10 700
MPa per unit strain at 650 s T strain rate.
However, the orientation of the test axis with
respect to the extrusion divection has no eftect
on the  wechanical  response of - the
unreinforcedmaterial,

The composite on the other hand, exhibits
o moderate ditterence i the strenpth i the
two tested directions (C versus A, Por
example at low stiun ste and at stenm of 0.3
the streneth difference s 395 versns 3.0
M. A hiph steain e and straam of 0.3 the
diflesenceis S50 versas 510 M The vield

stress for the composite samples is also
expectedly targer than for the unreinforeed
alloy, especially so at higher strain rates. The
strain hardening coefficients of the composite
samples, at low and high strain rates are very
similar to those of the unreinforced alloy
samples tested at the same strain rates. This
indicatesthat the reinforcing particles did not
contribute to the strain hardening behavior of
the matrix,
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FIGURE 2
Stress strain response of the unreinforeed

alloy and compaosite in the A direction.
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FIGURI: 4
Stiess sttun response of the anrerntoreed

alloy and composite inthe Cdiection



[he enhanced strain hardening behavior
of the alloy is an effect of the hthinm
wddition, since pure alumimume and  many
other almmmum  allovs do not extubit o
significantstran rate effect below 1O s in
the annealed condition. Lithium being an
interstittal addition in aluminum, tends to
diffuse tovacancies and dislocations and can
hinder the motion of dislocations. The
diffusion of lithium has been shown |2] to
occur 10 aluminum alloys even at room
temperature, and 1s a contributing, factor to
the strain rate sensitivity of this alloy. More
importantthough, is the fact that dislocation
accumulation occurs more rapidly at higher
strain rates. The amount of dynamic recovery
occuring at high striun rites is also smaller as
compared to low strain rate testing. This
leads to dislocation pileups and dislocation
interactions and subsequently higher strain
hardening,

The difference in the mechamcalresponse
ol the composite i two different directions
(C versus A) was perplexing at first, but was
quickly resolved by optical  microscopy.
Optical micrographs taken perpendicular to
the C and A directions of the composite are
shown in Figures «band S respectively. From
these microgaphs itis evident that there 1s a
sipmficant amsotropy - the particle
atienment in the C direction. The particles m
that direction are aligned along, the extrusion
axisas aresult of the extrusion process itselt.
Such alispment ot the particles lends iself
mto prodoemy e shert tiber composite
re-atte i enhaneed stiength, On the othe
hand,  the  particles we more tandomly
distnbuted i the A diection,

Phe ditferences i the onentation ol the

reanforemy |';||lu'|v-. with aespect to the

loading axts, affect the deformation zones in
the matnix surrounding the particles {3}
When the sample is loaded in the C direction,
the constraint on the matrix surrounding the
long side of the particles is greater than if the
sample were to be loaded in the A direction
(short side of particle). The larger constraint
limits the nttial plastic deformation to the
short side of the reinforeing particles, which
in tumm leads to a larger dislocation pileup and
subsequently higher strength. On the other
hand. when loaded in the A direction, the
matrix in the vicinity of the long side of the

particles expencences little or no constraint,

thereby defonming more uniformly. This may

be the reason for the observed onentation

cffectin the composite and lack of it in the

unreinforeed alloy samples.

FIGURYE
Optical nncropraph o0 Xo o the congposate

Mong the extrnsaon direchon ()



FIGURD
Opncal nicrograph 100 X0 of the compaosite

slong the nara erse direction e

An cquaion developed by Nardone and
Prewo [ precdicts the enhancement in the
vield  sttength ot piticle remtoreed
compasites, s comgared to the unreinforeed
alov, Using this cquanon we calenlide a
theoretical value of FIS i the € ditechon
and LOS i the A direction, The experimental
valuer warkh ot o e TR apd 1O
tespeciively, which e e tandy good
avtecment wath theoreneal valoes. More
mporntly . the atios of the streneth fop o
tanpe of plastie strame, of the composaie to
the umremtoreed allos e equal. Thee tanthey
mhicatesthat the remtoremy particles have no
ctiecton the sttt hardemne responae of the

LN

4. CONCLUSIONE

Fhie results presented are prehmmany o
the complete investigation of the anisoiropy
of this compaosite. We tound that there as an
particle onentation etfect on the composite
strength but that remforang particles hive no
eifect on strinn hardenmy of the . Tes
also pecessary Lo carry out an exlensive
statistical measiurement to aceurately quantty
the effects of particle size. shape and
oneatiation op the overall response of the
camposite. TEM waork may also determine 1f
some of the particle effects are bemng
maodified by the lithinm additions.
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